Current United States regulatory policies allow for the addition of pharmacologically active substances in dietary supplements if derived from a botanical source. The inclusion of certain nootropic drugs, such as vinpocetine, in dietary supplements has recently come under scrutiny due to the lack of defined dosage parameters and yet unproven short-and long-term benefits and risks to human health. This study quantified the concentration of vinpocetine in several commercially available dietary supplements and found that a highly variable range of 0.6-5.1 mg/serving was present across the tested products, with most products providing no specification of vinpocetine concentrations.
Vinpocetine is a semisynthetic derivative of vincamine, an alkaloid extracted from the Vinca minor lesser periwinkle plant. In the United States, vinpocetine is not regulated in the neutraceutical industry, and it is often included as an active ingredient in dietary supplements. This chemical substance acts as a vasodilator, leading to manufacturer claims of cognitive enhancement and neuronal protection due to increased cerebral blood-flow. It is also added to many bodybuilding supplements to increase blood flow to muscles, facilitating the delivery of oxygen and nutrients, and removal of deleterious catalytic waste products. Currently in Europe, vinpocetine is only available as a prescription medication for treatment of dysfunctional cognitive abilities and cerebrovascular diseases. Vinpocetine is banned from Australia, New Zealand, and Canada due to potential harmful nootropic characteristics as a cognitive enhancing supplement [1] [2] [3] . Although the health benefits of vinpocetine have been proven in scientific studies, more research is needed to define the dosage parameters with respect to benefits and risks of both short-and long-term usage of vinpocetine as a dietary or pharmaceutical supplement [4] . Of primary concern are the negative consequences of long-term usage of vinpocetine and the potential for addiction to this and other nootropic drugs [4] [5] [6] .
There are currently not enough scientific or clinical studies to support or denounce the claims of vinpocetine as a cognitive enhancer. Vinpocetine has not yet been approved by the U.S. Food and Drug Administration for medical treatments, but it can be sold as a dietary supplement because it can be isolated from a botanical source. Recent legislative measures in the United States called for the FDA to review and revoke alleged nootropic compounds, including vinpocetine and picamilon, from dietary supplements that claim to boost cognition. Of growing concern is uniformed product consumption of dietary supplements stating the amount of vinpocetine per dosage within a given time period to be within safe usage parameters. The range of vinpocetine concentrations in dietary supplements are highly variable, and this inconsistency between supplements is dangerous to consumers [7] . There is a movement in the U.S. to pass legislation that bans the inclusion of vinpocetine from dietary supplements.
Vincamine is the primary Vinca alkaloid present in the periwinkle plant, which can be used directly as a medication or chemically modified to produce vinpocetine ( Figure 1 ). Vinca alkaloids are characterized by their anti-mitoic and anti-microtuble chemical properties, which have allowed for these types of alkaloids to be utilized in the treatments of tumors and cancerous tissue [8, 9] . Vincamine has previously been used for circulatory disorders, especially cerebral circulatory impairment by boosting metabolism in the brain and improving oxygen supply. Along with vinpocetine, it is currently prescribed in the European Union as a cerebral vasodilator to assist with the treatment of stroke patients and those suffering from general cognitive impairments.
As a nootropic alkaloid, vinpocetine has been shown to facilitate learning and memory, specifically to prevent cognitive deficits commonly coupled with dementias [10, 11] . Vinpocetine acts as a neuroprotective agent that reduces damage to the brain from ischemia, stroke, and trauma [12] . Physiologically, vinpocetine acts as a phosphodiesterase type 1 (PDE1) inhibitor, leading to enhanced levels of second messengers, cAMP/cGMP, and ultimately expression of neuronal plasticity-related genes, neurotrophic factors, and neuroprotective molecules [13] . These neuronal plasticity enhancement properties make PDE1 inhibitors good candidates for development into therapeutic agents for many neurological conditions. In addition to its potential as a plasticity enhancer, vinpocetine was recently proven to have a strong antiinflammatory effect [14, 15] . Vinpocetine inhibits I kappa B kinase, a key protein kinase involved in inflammatory response [14] . Surprisingly, this mechanism is independent of vinpocetine action on PDE1 [16] [17] [18] . Furthermore, the use of vinpocetine in animal models suggests that vinpocetine has a role to play in restoring neuronal plasticity (learning and memory in particular) in different conditions [19] . Although the scientific studies show that vinpocetine possesses promising therapeutic properties, clinical trials remain controversial and inconclusive for unsupervised human health applications. The objective of this study was to measure vinpocetine concentrations in a range of dietary supplements while creating an efficient and reliable methodology for extraction and quantitative determination. In the event the United States congress passes legislation to regulate vinpocetine in dietary supplements, all suppliers of vinpocetine-containing products will require compliance testing. This investigation identifies high inconsistency in vinpocetine concentrations between dietary supplement products.
Chromatograms of product extracts yielded well-resolved peaks representing both vinpocetine and the internal standard, DLpropranolol, with retention times of approximately 11.9 and 9.9 minutes, respectively ( Figure 2 ). Integration of vinpocetine peaks and comparison to calibration curves from calibration standards allowed for quantitative determination of vinpocetine concentrations, ranging from 0.118-11.55 mg/g product with standard deviations from triplicate trials on the order of 0.002 to 0.287 mg/g ( Table 1 ). HPLC chromatograms obtained for each product tested are provided in the Supplementary Data.
The concentration of vinpocetine present in the products varied considerably, ranging on average from 0.632 to 5.087 mg per serving. Two of the sample extracts, products E and H, required additional dilution prior to analysis due to concentrations of vinpocetine that were in excess of the upper limits of the calibration curve. The extraction method was validated by low variation in vinpocetine concentration over triplicate trials for each of the products tested. The extraction efficiency for vinpocetine was estimated by comparison to the surrogate standard (DL-propranolol) that yielded >95% return on known amount. The extraction method demonstrated highly reproducible results for powder, capsules, and tablet samples.
The purpose for this study was to identify whether vinpocetine could be quantitatively analyzed across a range of consumer products. In the analysis of eight dietary supplements, only one of them had a quantity of vinpocetine per serving specified on the nutritional label. The measured concentration of 1.070 mg/serving (product F) was well within a suitable range for dietary supplement formulation parameters, in this case the manufacturer specifying 1 mg/serving. The remaining supplements listed vinpocetine as an ingredient, although not always obviously apparent, and without a specified quantity. Some products stated the addition of vinpocetine directly, while others had the ingredient listed indirectly as a component of a natural extract. The difference in labeling practices most likely reflects the form in which vinpocetine was added to the dietary supplement formulation; either as a synthetic compound, purified extract, or as a component of a plant extract. Regardless of identification details on product label, the amount of vinpocetine present in the supplements tested was found to vary by as much as 10 times between products.
From consumer and physiological standpoints, not having the proper labeling of the absolute amounts of vinpocetine per serving has the potential of putting people at risk for adverse effects of consumption. Furthermore, due to contradictory research reports stating the possible benefits and risks of vinpocetine as a dietary supplement, the safe dosage parameters are not well established.
Around the world, countries that have approved vinpocetine as a therapeutic drug for treatment of patients recovering from cognitive disabilities permit prescribed doses ranging from 5 mg -40 mg.
Some of the dietary supplements tested have vinpocetine concentrations within this range, however these are being consumed without the direction or supervision of a physician.
The results presented in this study show that dietary supplements available in the United States have inconsistent dosage quantities of active ingredients, like vinpocetine. With bioactive ingredients that have diverse applications and availabilities worldwide due to unknown short-and long-term health effects, concerns are often raised about the safety and regulation of the dietary supplement industry. Although current United States economic conditions allow for the initial sale and consumption of natural products outside of the Food and Drug Administration's regulatory reach, research must be expedited in this area to ensure the safety of these natural products, or otherwise produce credible research that supports the discontinuation of certain supplement additives. At the least, it would be to the consumer's advantage to be informed as to the compounds and the quantity of which they are consuming.
The results obtained in this study showed that dietary supplements contain a considerable range of vinpocetine from 0.6 to 5 mg per serving. With the benefits and damaging effects of vinpocetine usage being disputed in the medical community, and the concentrations of vinpocetine not identified in dietary supplements, some lawmakers in the United States have called for the reexamination of whether or not vinpocetine should be approved for consumption without the supervision of a physician. This study shows that the concentrations of vinpocetine in readily obtainable dietary supplements are highly variable, and that this important information is not always disclosed by the manufacturer.
Experimental
Commercially available dietary supplements which stated the presence of vinpocetine on the product label were used in this study. Eight supplements, identified as samples A-H, were obtained in powder, capsule, and tablet form, and analyzed for the presence of vinpocetine. Products A-D were powder/granule, products E and F were in capsule form containing powdered supplement, and products G and H were in tablets. Products F, G, and H were in single-dose pill packs consisting of 9-10 individual capsules and Vinpocetine concentrations in a range of dietary supplements by HPLC Natural Product Communications Vol. 11 (5) 2016 609 tablets, with the vinpocetine ingredient contained within a single tablet or capsule for each pill pack. For extraction and analysis, only the vinpocetine-containing portion of the supplement was used. HPLC-grade acetonitrile (Fisher A998) and methanol (Fisher A452), DL-propranolol hydrochloride (Acros 207320050, 99%), and trifluoroacetic acid (Fisher O4901) were purchased from Fisher Scientific, and vinpocetine (Sigma V6383, ≥ 98%) was purchased from Sigma-Aldrich.
Extraction of Vinpocetine:
Triplicate analysis was used for each supplement. Powdered supplement (250 mg) was placed into 15 mL Falcon tubes and an exact mass obtained to 0.1 mg precision. To each sample tube was added 10 mL of methanol followed by vortexing and sonicating (30 min). Each sample was spiked with a surrogate standard, DL-propranolol, at a concentration of 10 µg/mL. Samples were centrifuged at 1000 rpm for 2 minutes. The supernatant was filtered (0.45 µm) and used directly for HPLC analysis. An additional 1:5 dilution with methanol was performed for products E and H due to high vinpocetine concentrations.
Standard Solutions:
A vinpocetine stock solution in methanol was prepared at a concentration of 1 mg/mL in methanol. Calibration standards were prepared at concentrations of 1, 5, 10, 25, 50, and 100 µg/mL. DL-Propranolol hydrochloride was used as an internal standard at 10 µg/mL. The stock solution and calibration standards for DL-propranolol hydrochloride were prepared in the same manner.
High Performance Liquid Chromatography: Identification and quantification of vinpocetine was performed on a Thermo Scientific Ultimate 3000 UHPLC Plus equipped with a diode array UV/Vis detector, and an Acclaim 120 C 18 column (3 µm, 120 Å, 2.1  150 mm). Solvent A was 0.1% TFA in 18.2 MΩ H 2 O and solvent B was 0.1% TFA in ACN. The flow rate was 0.400 mL/minute and each run was 20 minutes. The gradient began at 90% A:10% B, with a linear gradient to 30% A:70% B by 15 minutes. At 15.100 minutes the gradient was returned to 90% A:10% solvent B by 20 minutes. The column oven was maintained at a temperature of 40°C. The injection volume of 1 µL was used for each sample. UV-vis detection wavelengths were monitored at 205 and 269 nm for the detection of vinpocetine and propranolol, respectively. Data acquisition and quantitative analysis were performed using Chromeleon software (v 7.2).
Supplementary data:
Supplementary material for this article includes the HPLC chromatograms for all eight dietary supplements tested in this study, as well as calibration curves for vinpocetine and DL-propranolol used in quantification of vinpocetine concentrations.
